Abstract To evaluate the effect of genetic background on oxygen (O 2 ) toxicity, nine genetically diverse mouse strains (129/SvIm, A/J, BALB/cJ, BTBR+(T)/tf/tf, CAST/Ei, C3H/HeJ, C57BL/6J, DBA/2J, and FVB/NJ) were exposed to more than 99% O 2 for 72 h. Immediately following the hyperoxic challenge, the mouse strains demonstrated distinct pathophysiologic responses. The BALB/cJ and CAST/Ei strains, which were the only strains to demonstrate mortality from the hyperoxic challenges, were also the only strains to display significant neutrophil infiltration into their lower respiratory tract. In addition, the O 2 -challenged BALB/cJ and CAST/Ei mice were among six strains (A/J, BALB/cJ, CAST/Ei, BTBR+(T)/tf/tf, DBA/2J, and C3H/HeJ) that had significantly increased interleukin 6 concentrations in the whole lung lavage fluid and were among all but one strain that had large increases in lung permeability compared with air-exposed controls. In contrast, the DBA/2J strain was the only strain not to have any significant alterations in lung permeability following hyperoxic challenge. The expression of the extracellular matrix proteins, including collagens I, III, and IV, fibronectin I, and tenascin C, also varied markedly among the mouse strains, as did the activities of total superoxide dismutase (SOD) and manganese-SOD (Mn-SOD or SOD2). These data suggest that the response to O 2 depends, in part, on the genetic background and that some of the strains analyzed can be used to identify specific loci and genes underlying the response to O 2 .
Introduction
Exposure to high concentrations of O 2 is toxic for the lung and is often accompanied by the onset of acute lung injury (ALI). This injury is thought to be initiated by the local generation of reactive oxygen species (ROS), and as it evolves, pulmonary structural damage becomes extensive, accompanied by airway inflammation, alveolar and interstitial edema, and reduced lung function (Kapanci et al. 1969; Crapo 1986 ). The components of the inflammatory response include increased levels of proinflammatory cytokines such as tumor necrosis factor alpha (TNF-α), interleukin (IL) 1beta and IL-6 (Johnston et al. 1997) , and the recruitment of neutrophils to the distal airspaces (Johnston et al. 1997; Keeney et al. 1995; Fracica et al. 1991; Bureau et al. 1985) . The roles of neutrophils in hyperoxic lung injury remain unclear, but it has been suggested that the neutrophils in the airways release oxidants that contribute to tissue damage (Keeney et al. 1995) .
As hyperoxic lung injury progresses, damage to the ultrastructure and extracellular matrix (ECM) of the lung occurs, which further impairs the physiological and biological function of the lung (Durr et al. 1987) . For instance, endothelial injury and cell death are major features in the pathogenesis of oxidant injury (Adamson et al. 1970 (Adamson et al. , 1990 Maniscalco et al. 1995) . In addition, the matrix is degraded, and basement membranes, which serve as structural support for cells, are denuded. In attempts to restore the lung to homeostasis following hyperoxia, the lung begins a process of repair, with recruitment and proliferation of alveolar type II pneumocytes and interstitial fibroblasts at the sites of injury (Crapo et al. 1978 (Crapo et al. , 1980 Thet et al. 1983) . Additionally, there is increased synthesis and secretion of various types of extracellular components into the lung parenchyma. Among them, collagen, fibronectin, and tenascin contribute to the repair of hyperoxic lung injury.
The human lung has developed several lines of defense against O 2 -enriched environments. The endogenous antioxidant enzymes detoxify ROS, including superoxide anion (O À 2 ) and hydrogen peroxide (H 2 O 2 ), which form, for instance, during respiration. This prevents or limits the formation of other strong oxidants such as hydroxyl radical (OH) and peroxynitrite anion (ONOO − ). Therefore, hyperoxic injury can be directly related to the generation of ROS and subsequent oxidation of macromolecules, including proteins, lipids, and nucleic acids. One of the most important protective antioxidant enzymes in the distal airways and alveolar region is superoxide dismutase (SOD), of which there are three isoforms: copper/zinc SOD (SOD1), manganese SOD (SOD2), and extracellular SOD (SOD3). SOD2 has been shown to be protective against hyperoxia-induced lung injury (Wispe et al. 1992) . Among humans, the severity of injury in the development of hyperoxic lung injury is multifactorial. Important variables in individual susceptibility to O 2 injury include the patient's health, age, and gender (Deneke and Fanburg 1980; Keeney et al. 1995; Capellier et al. 1999) . Genetic factors are also thought to play a fundamental role. For instance, there is a strong genetic predisposition to the harmful effects of O 2 toxicity in infants (Clark and Clark 2005; Nickerson and Taussig 1980; Hallman and Haataja 2003) . In addition, mice and rats also vary considerably in their susceptibility. C3H/HeJ mice are more sensitive to oxidant injury than C57BL/6J mice (Cho et al. 2002; Hudak et al. 1992) , and Fisher 344 rats are more sensitive than Sprague-Dawley rats (He et al. 1990; Stenzel et al. 1993) . Although studies such as these have established that genetic factors play a role, further refinement of the O 2 response lung phenotype in multiple, genetically diverse inbred mouse strains is needed to inform and direct further efforts to identify O 2 response genes.
In the present investigation, we characterized physiological and biological responses of nine genetically diverse inbred strains (129/SvIm, A/J, BALB/cJ, BTBR+(T)/tf/tf, C3H/HeJ, C57BL/6J, CAST/Ei, DBA/2J, and FVB/NJ) following an acute exposure to hyperoxia conditions. Furthermore, we also evaluated changes in lung structure and ECM and the total and SOD2 activity as indicators of lung injury. Our results suggest that the response to O 2 depends, in part, on the genetic background, and that some of the strains analyzed might be used to identify specific loci and genes underlying the response to O 2 .
Materials and methods

Animals
Twenty-four male mice (6-8 weeks) from seven strains (129/ SvIm, A/J, BTBR+(T)/tf/tf, C3H/HeJ, C57BL/6J, DBA/2J, and FVB/NJ) and 48 mice (age-matched) from two strains (BALB/cJ and CAST/Ei) were obtained commercially (Jackson laboratories). The animals were housed in shoebox-type cages under pathogen-free conditions before the challenges, and water and mouse chow were provided ad libitum. The study protocol was in accordance with guidelines set forth by the Duke University Animal Care and Use committee.
Exposures
Twenty-four mice from each strain were randomly divided into two groups: hyperoxic (n=12) and control groups (n=12). The hyperoxic mice of each strain were exposed continuously to more than 99% O 2 (flow rate of 10 l/min, CO 2 <0.1%, temp=25-26°C, and humidity <40%) in polystyrene chambers for 72 h as described previously (Que et al. 1998; Folz et al. 1999) , except for 10 min/day when the cages were opened to room air for general maintenance. The air-exposed control mice from each strain were housed in the same chambers and exposed to room air under identical flow, temperature, and humidity conditions for the same period. The concentration of O 2 in the chambers was monitored continuously with a Servomex O 2 analyzer (model 572; Sybron, Norwood, MA, USA). The mice were allowed ad libitum access to water and mouse chow throughout the exposures.
Immediately following the exposures, the mice were euthanized by intraperitoneal injections of sodium pentobarbital (150 mg/kg). Six hyperoxic and control mice from each strain were randomly selected for assessment of inflammation in the airways and expression of ECM genes, and the remaining six mice from each strain were used for wet/dry ratios and analysis of total SOD and SOD2 activity.
Whole-lung lavage and cell preparation Whole-lung lavage was performed immediately following euthanasia in the mice that were selected for assessment of inflammation in the airways and gene expression in the lungs. Briefly, the chest of each animal was opened, and the trachea was exposed and intubated via PE-90 tubing (0.86 mm i.d., 1.27 mm o.d.). Sterile pyrogen-free saline was infused into the lungs to total lung capacity (TLC), which was defined at a pressure of 25 cm H 2 O, and then collected. A total of 6 ml of saline was infused into the lungs, and the total volume of retrieved fluid was recorded. The cells were then isolated from the whole-lung lavage fluid by centrifugation at 5,000×g for 10 min. The supernatant was stored at −80°C for later assessment of total protein and cytokine (TNF-α, IL-1β, and IL-6) levels. The cells were resuspended in 1.0 ml sterile Hank's balanced salt solution and counted using a hemacytometer. A 100-μl sample of the suspension from each animal was also centrifuged (model Cytospin-3, Shandon Inc., Pittsburgh, PA, USA) to extract cells onto cytoslide (Shandon) preparations. The cells were then stained with hematoxylin and eosin (Hema 3, Wright-Giemsa stain; Biochemical Sciences Inc., Swedesboro, NJ, USA). Differential cell counts of pulmonary leukocytes (alveolar macrophages, neutrophils, lymphocytes, and eosinophils) were determined using standard morphological criteria, and then the number and percentage of neutrophils per milliliter of lavage fluid were calculated.
Cytokine analysis
Concentrations of IL-6 in the whole-lung lavage fluid were measured using a commercial enzyme-linked immunosorbent assay (ELISA) kit (R&D Systems, Minneapolis, MN, USA) following the manufacturer_s instructions. The minimum detectable dose for the IL-6 ELISA kit was 1.6 pg/ml.
Total protein
Total protein in the whole-lung lavage fluid was measured using a detergent compatible (DC) protein assay kit (BioRad Laboratories, Hercules, CA, USA), similar to methods as described previously (Lowry et al. 1951 ). The assay kit was used according to the manufacturer's protocol. The minimum detectable dose was 5 μg/ml.
Lung RNA preparation
Following the whole-lung lavage, leukocytes and red blood cells were cleared from the vasculature of both lungs. A catheter was inserted into the right ventricle to the pulmonary artery, and isotonic saline was infused through the pulmonary blood vessels at 25 cm H 2 O. Approximately 5.0 ml of saline was perfused through the heart to clear the lungs. The right and left lung lobes were then excised and flash-frozen in liquid N 2 . Total RNA was isolated from individual O 2 -exposed or control mouse lungs by homogenization in 1.4 ml TRIzol Reagent (Invitrogen Corporation, Carlsbad, CA, USA) using a tissue homogenizer (Biospec Products, Racine, WI, USA). Homogenates were then centrifuged at 15,000×g for 10 min. Chloroform (300 μl) was added to the cleared homogenates, and the samples were centrifuged again for another 15 min. Isopropyl alcohol (700 μl) was added to the upper aqueous phase containing the RNA, and then the RNA was collected by centrifugation at 15,000×g for 20 min. The RNA pellets were washed with 75% ethyl alcohol and resuspended in diethylpyrocarbonate (DEPC)-treated water at a concentration of 1.0 μg/μl. The RNA was stored at −80°C to be used later for quantitative assessment of mRNA expression.
Real-time quantitative polymerase chain reaction for mRNA expression Total RNA (50-500 ng) was reverse-transcribed into cDNA in a volume of 25 μl containing 12.5 μl 2× SYBR Green buffer (Applied Biosystems), 12.5 U reverse transcriptase, 20 U RNase inhibitor, and 0.5 μM oligo (dT) primers (Table 1 ). The primers were specific for mouse procollagen (Col1α2, Col3α1, and Col4α3), FN-1, and ten-C, which are key components of the ECM. 18s rRNA and transcription initiation factor IID (TFIID) primers were used as an internal control. Each primer set spanned two intron/exon boundaries and had melting temperatures (Tm) between 58 and 60°C, with each Tm of the corresponding primer sets not varying more than 1°C. The real-time (RT) reaction was carried out in one cycle at 50°C for 30 min and 95°C at 10 min. The polymerase chain reaction (PCR) was carried out by a twostep amplification cycle (40 cycles): denaturizing at 95°C for 15 s and annealing/extending at 60-62°C (Table 1) for 2 min. A dissociation curve was carried out in three steps for one cycle as follows: 95°C for 15 s, 58°C for 20 s, and 95°C for 15 s. Each sample was run in triplicate for each primer set, and the mean value was normalized to the internal controls.
Wet to dry weight ratio
After euthanasia of the hyperoxic and control mice that were selected for wet to dry ratios and the activity of total SOD and SOD2, the chest of each animal was opened, and the right main stem bronchus was clamped. The right lung lobes were dissected from the bronchus, blotted dry, and weighed. The lungs were then dried at 60°C until the weight was stable. The dried weights of the lungs were measured, and the wet to dry weight ratios of the lungs were calculated. The wet to dry ratio was used as a marker of pulmonary edema.
Activity of total SOD and SOD2
The left lung lobes were homogenized in 1 ml buffer containing 50 mM potassium phosphate (pH 7.4) with 0.3 M KBr and antiproteolytic agents, including 0.5 mM phenyl methylsulfonyl fluoride, 3 mM diethylenetriaminepentaacetic acid, 0.09 mg aprotinin, 0.01 mg pepstatin, 0.01 mg chymostatin, and 0.01 mg leupeptin. The homogenates were centrifuged at 15,000×g for 20 min at 4°C.
Total SOD activity was measured for the left lobes (unit per left lobe) using a commercial SOD assay kit (Cayman Chemical, Ann Arbor, MI, USA) according to the manufacturer's protocol. The detection limit of the kit ranged from 0.025 to 0.25 U/ml SOD. In a separate assay, the lung homogenates were centrifuged at 15,000×g for 20 min at 4°C to precipitate the mitochondria and separate Mn-SOD from the other two isoforms (Mattiazzi et al. 2002) . Potassium cyanide (2 mMol) was added to each sample to inhibit any remaining activity of SOD1 and SOD3 (MacMillan-Crow et al. 1996) . The activity of the latter SOD isoforms together was estimated by subtracting the activity of SOD2 from the total SOD activity.
Statistical analysis
All results were presented as means±standard error (SEM). Analysis of variance (ANOVA) was used with Bonferroni posttest correction to determine the levels of difference among all groups. Statistical significance was set at p<0.05.
Results
Animal survival
Fifty percent (6/12) of the BALB/cJ mice and 42% (5/12) of the CAST/Ei mice died during or immediately following the initial hyperoxic exposure. To maintain 12 viable mice for the postchallenge evaluation, additional BALB/cJ and CAST/Ei mice were exposed to the same hyperoxic conditions. None of the animals that died were included in the data analysis; therefore, only the most resistant mice of the BALB/cJ and CAST/Ei strains were included in the biological results. All mice from the remaining seven strains survived the duration of the hyperoxic exposure. In addition, all mice of the nine strains survived the duration of the air-only (controls) exposure.
Pulmonary edema
Wet to dry lung ratios were determined to assess whether interstitial and alveolar edema fluid attenuated in the lungs following the hyperoxic exposure. Seven of the nine strains (129/SvIm, BALB/cJ, BTBR+(T)/tf/tf, CAST/Ei, C3H/HeJ, C57BL/6J, and FVB/NJ) had significantly elevated fluid in the lungs compared with the strain-matched mice challenged with room air (Fig. 1) . The C57BL/6J and C3H/HeJ strains demonstrated the greatest magnitude of pulmonary edema, with increases in wet to dry lung ratios of 1.6-and 1.5-fold, respectively. In contrast, the wet to dry lung ratios of the DBA/2J and A/J strains were not significantly increased following hyperoxic challenge.
Total protein in whole-lung lavage fluid
The total protein concentrations in the lavage fluid were used as an estimate of lung permeability and/or injury elicited by hyperoxia. The total protein in the lavage fluid was significantly elevated following O 2 challenge in seven of the nine strains (129/SvIm, A/J, BALB/cJ, BTBR+(T)/tf/tf, CAST/Ei, C3H/HeJ, and C57BL/6J; Fig. 2 ). Of these, the BALB/cJ and BTBR+(T)/tf/tf strains demonstrated the greatest increases in airway permeability: 6.3-and 6.2-fold, respectively. In contrast, the DBA/2J and FVB/NJ strains showed the least change in permeability following the hyperoxic exposure. Total protein in the lavage fluid of these Inflammatory response Whole-lung lavage fluid was collected, and the concentration of leukocytes was determined for both the O 2 -and airexposed mice from each of the nine strains. Most of the O 2 -challenged strains did not have significant increases in total leukocytes in the airway compared with unchallenged or air-treated mice (Fig. 3) . In contrast, the BALB/cJ and CAST/Ei strains did have significant increases in the number of leukocytes in the airway. Differential analysis of the airway cells in these mice revealed that neutrophils were the primary cellular infiltrate (Fig. 4) .
Cytokines in whole-lung lavage fluid
We next evaluated the concentration of IL-6 in whole-lung lavage fluid as a measurement of inflammatory responses in O 2 -challenged mice. IL-6 levels in the airways varied markedly among the nine inbred mouse strains following the hyperoxic challenge (Fig. 5 ). Three strains, FVB/NJ, C57BL/6J, and 129/SvIm, did not have significant increases in airway concentrations of IL-6 following the hyperoxic challenge. However, the other six strains (A/J, BALB/cJ, BTBR+(T)/tf/tf, CAST/Ei, C3H/HeJ, and DBA/2J) did have significant increases in IL-6 following the challenge, with A/J, BALB/cJ, CAST/Ei, and BTBR+(T)/tf/tf having the highest increases.
Expression of ECM proteins
To further evaluate the severity of hyperoxic injury immediately after the O 2 and room air challenges, we Wet-to-Dry Ratio Fig. 1 Wet to dry ratios of the right lungs from inbred mouse strains that were either exposed to more than 99% O 2 or room air (control) for 72 h. The strains were ranked according to the differences of wet to dry ratios between the hyperoxic and control mice. The wet to dry ratios are used as a marker of pulmonary edema. Total Protein (µg/ml) Fig. 2 The concentration of total protein in the whole-lung lavage fluid from inbred mouse strains that were either exposed to more than 99% O 2 or room air (control) for 72 h. An increase in total protein was used as an indicator of lung permeability elicited by hyperoxia. The strains were ranked according to the increase in total protein in the lavage fluid from the hyperoxic mice of each strain. Fig. 3 Number of total cells in the whole-lung lavage fluid from various strains of mice that were either exposed to more than 99% O 2 or room air (control) for 72 h. Data are presented as the mean±SEM for n=6 per group. *Significantly different (p≤0.05) from control group (one-way ANOVA) measured the concentration of mRNAs corresponding to three types of procollagen (Col1α2, Col3α1, and Col4α3), FN-1 and ten-C (Figs. 6 and 7) , which are known contributors to the repair of lung injury. Concentrations of these mRNAs varied markedly among the various strains studied. The BTBR+(T)/tf/tf, 129/SvIm, and A/J strains were the only strains to have increased expression of each of these genes. Interestingly, these three strains were also among the strains having the highest protein concentrations in the airways (Fig. 2 ), but they were not among the strains having the greatest increase in lung edema (Fig. 1) or airway inflammation (Figs. 4 and 5) . The DBA/2J strain had the lowest expression of these ECM-related genes.
Rankings of the susceptibility of the mouse strains following hyperoxia
To evaluate the comparative vulnerability of the nine mouse strains to high concentrations of O 2 , we ranked the mouse strains for several phenotypes explored in this study (Table 2 ). For mortality, we attributed a score of 0 for the mouse strains that had 100% survivability following the 72-h O 2 challenge and then numbered the remaining strains, CAST/Ei and BALB/cJ, from lowest (starting at 1) to highest for the number of mouse deaths that did occur. In addition, we also attributed a score for each strain in terms of lung permeability (pulmonary edema and protein leakage), inflammation (airway neutrophils and IL-6 concentrations), and ECM protein expression (Col1α2, Col3α1, Col4α3, FN-1, and ten-C), and we tallied a total score for each strain for all the phenotypes. Once again, a mouse strain was assigned 0 for any phenotype in which hyperoxia did not induce significant changes. The remaining strains in which there were significant differences were rated from lowest to highest depending upon the extent of increase induced by the hyperoxic conditions. Based upon this scoring system, we were able to identify the DBA/2J strain as the most resistant strain and the A/J and BALB/cJ strains as the most susceptible to hyperoxia. a. To gain insight into the extent of the pulmonary SOD response to the oxidative stress in O 2 -and air-challenged mice, we measured total SOD and SOD2 activity. The total SOD activity among the O 2 -challenged mouse strains ranged from 18.1 to 29.6 U per lung (Fig. 8a,b) . The Fig. 7 Expression of FN I (a) and ten-C (b) in the lungs of various strains of mice exposed to more than 99% O 2 for 72 h. For each strain, data represent the percent change of expression between a minimum of four hyperoxic-treated and air-exposed (control) mice. *Significantly different (p≤0.05) from control group BALB/cJ strain was the only strain that had significantly increased total SOD activity compared with the airchallenged controls, with an increase of 38.9%. The CAST/Ei strain had the lowest total SOD activity among the strains.
The SOD2 activity of the hyperoxic mice of the various mouse strains ranged from 11.6 to 23.2 U per lung. There were no significant differences in SOD2 activity between the O 2 -exposed and air-control mice for any of the tested strains. Interestingly, the BALB/cJ, BTBR+(T)/tf/tf, and 129/SvIm strains, which ranked among the most susceptible strains (Table 2) , had the highest percentage increase in SOD2 activity between the O 2 -exposed and air-control mice.
Comparison of total and SOD2 with the susceptibility of mouse strains to hyperoxia To further explore the relations between the activity of SOD (total and SOD2) and lung injury among the nine strains of mice, cosegregation plots were generated. The SOD activity for each strain was plotted against the rating of susceptibility of the mouse strains following oxidant injury, as ranked by mortality, lung permeability (pulmonary edema and protein leakage), inflammation (airway neutrophils and IL-6 concentrations), and ECM protein expression (Col1α2, Col3α1, Col4α3, FN-1, and ten-C; Table 2 ). Both plots had similar results, and indicated an association between O 2 -induced injury and the amount of both total and SOD2 activity, respectively (Fig. 9a,b) . For instance, the A/J, BALB/cJ, BTBR+(T)/tf/tf, and 129/SvIm strains, which were rated as more sensitive among the strains following the O 2 challenge (Table 2) , also had the highest total and SOD2 activity. In addition, the DBA/2J and FVB/NJ strains, which were among the strains with the least amount of injury (Table 2) , were among the strains with the least amount of total and SOD2 activity. The severity of injury for the CAST/Ei strain did not necessarily correlate with the total and SOD2 activities, and the severity for the C57BL/6 strain did not necessarily correlate with the total SOD activity.
The activity of SOD1 plus SOD3
We investigated the SOD1 plus SOD3 activity in the various strains of mice after hyperoxia (Fig. 10) . Interestingly, the hyperoxic mice of the BALB/cJ strain, which was the most susceptible strain, had the highest increase in SOD1 plus SOD3 activity, and the hyperoxic mice of the DBA/2J strain, which was the least susceptible strain, had the lowest decrease in activity. Total  1  14  12  10  14  17  15  10  25  All Total  3  16  19  20  23  25  28  32  35 A rating of 0 was given to mouse strains in which no deaths occurred due to the hyperoxic exposures and in which there were no significant changes for the phenotypes of lung permeability [lung edema (wet to dry ratios) and protein levels], airway inflammation (neutrophil infiltration in the airways and IL-6 concentrations in lavage fluid), and the expression of ECM proteins [procollagens I (Col-1a), III (COl-3a), and IV (Col-4a), fibronectin 1 (FN-1) , and tenascin C (ten-C)]. The mouse strains in which there were deaths and significant changes were ranked from lowest, starting at 1, to the highest. Mouse strains are ranked according to the tallied score for all phenotypes.
Discussion
These novel results demonstrate that genetically distinct inbred mouse strains exhibit different responses to pulmonary oxygen toxicity, as measured by mortality, lung permeability, airway inflammation, and expression of genes that contribute to airway remodeling. However, in many cases, these phenotypes were not concordant, indicating that each hyperoxia-induced phenotype is controlled by distinct genes and biological pathways. Moreover, it appears SOD activity has a complex participation in the acute response to hyperoxia. Although other investigators have demonstrated that various mouse strains respond differently to acute O 2 exposure (Takeda et al. 2001; Johnston et al. 1998; Hudak et al. 1992) , limited phenotypes were examined, and the association with SOD activity was not explored. Taken together, these results demonstrate that the genetic background contributes to the susceptibility of acute hyperoxic lung injury, and that the phenotypically divergent strains may provide excellent reagents to further pursue the genetics and biology of hyperoxic lung injury. Interestingly, there were some differences and similarities between our results and those of other investigators. For instance, Hudak et al. (1992) . observed that the C3H/HeJ strain had greater alterations of lung permeability following a 72-h hyperoxia challenge than did the DBA/2J strain, and the C57BL/6J strain had greater susceptibility than the BALB/c strain. In addition, other investigators found that C57BL/6J mice develop airway inflammation following a 72-h challenge, whereas in our hands, the C57BL/6 mice did not. These different responses might result from the slightly different exposure conditions (i.e., >99% O 2 vs >95%), postexposure times of follow-up, and/ or the different methods to determine lung permeability. However, despite the differences, our findings generally support previous findings and confirm that the DBA/2J and C3H/HeJ strains are relatively insensitive and the BALB/cJ and C57BL/6J strains relatively sensitive to O 2 challenge.
Exposure to high concentrations of O 2 is toxic for the lung and often leads to acute lung injury. We observed that different strains of mice were phenotypically unique in their response to high oxygen tensions, and that many of the phenotypes investigated among the various mouse strains were discordant (Table 2 ). Our results suggest that the pathogenic response to O 2 is complex and involves multiple biological pathways. Furthermore, our results also suggest that independent biological pathways are being initiated as the various strains of mice are in different stages of injury, and that the biological responses are controlled by unique a. Total SOD Activity Fig. 8 Total SOD activity (a) and SOD2 (Mn-SOD) activity (b) in the lungs of various strains of mice exposed to more than 99% O 2 for 72 h, and the percent differences between the hyperoxic-and air-exposed (control) mice (n=6 per group). The percent differences of total and SOD2 activity between the hyperoxic and control mice were determined by [(hyperoxic − control/control) × 100]. The mouse strains were ranked according to the activity for that group. *Significantly different (p≤0.05) from control group genetics of each strain. However, this is not unexpected because the response to oxygen represents a complex interaction of many genes involved in airway inflammation, fibrinolysis, ECM repair, and detoxifying ROS (Wagenaar et al. 2004) . Lung permeability, together with increased airspace inflammation, is a key feature of hyperoxia injury (Keeney et al. 1995; Shasby et al. 1982) . In fact, if we relied simply on these phenotypes, we can distinguish the resistant strains from the sensitive strains. For instance, as demonstrated in Table 2 , the DBA/2J and FVB/NJ strains, which were ranked as the two least sensitive strains to oxidant stress, showed the least change in permeability [pulmonary edema (wet-dry ratios) and protein concentrations in the lavage fluid] following the hyperoxic exposure and had only minimal increases of airway inflammation (airway neutrophils and IL-6 concentrations). In contrast, the remaining strains demonstrated significant elevations in either lung permeability or airway inflammation, or both. A qualification of whether significant changes occurred was not particularly helpful in distinguishing sensitive from resistant strains of mice.
Interestingly, we also found a relation between the recruitment of neutrophils to the airspaces and the severity of injury, which has also been found by other investigators (Shasby et al. 1982) . For instance, we found that the BALB/cJ and CAST/Ei strains, which were the only strains to have increased neutrophils in the lavage due to exposure to hyperoxia, were the only strains to have hyperoxiainduced mortality (Table 2) . However, other mouse strains had significant increases in lung permeability without neutrophil infiltration. Therefore, these data do not discern the contribution of the neutrophil to the lung injury.
Fibronectin and tenascin are also major components of the ECM and may play roles in the pathology and repair of the lungs (Hynes 1985; Grinnell et al. 1987; KaarteenahoWiik et al. 1996 KaarteenahoWiik et al. , 2002 . FN depositions have been observed in the lungs of patients with pulmonary fibrosis and are also observed in patients and experimental animals following Cosegregation plots for the activity of total SOD (a) and SOD2 (Mn-SOD) (b) in the lungs of various strains of mice exposed to more than 99% O 2 for 72 h vs our ranking of susceptibility of the mouse strains following oxidant injury (Table 2) . A low score of susceptibility determined a relatively insensitive mouse strain (i.e., DBA/2J), and a high score determined a sensitive mouse strain (i.e., A/J). The scales for the y-axis are different for each figure Changes of SOD1 (Cu/Zn SOD) plus SOD3 (EC-SOD) activity (total SOD activity minus the SOD2 activity) between mice exposed to O 2 (hyperoxic) and room air (control) for 72 h. For each strain, a mean value of samples from at least four hyperoxic and control mice was used to obtain the mean SOD1 + SOD3 activity. The DBA/2J strain, which is the most resistant strain to hyperoxia injury, has the greatest decrease in activity, and the BALB/cJ strain, which is one of the most susceptible, has the greatest increase in activity exposure to toxic levels of O 2 (Torikata et al. 1985; Davis et al. 1983; Sinkin et al. 1992) . Tenascin is increased in patients with fibrotic lung disorders, including ALI and bronchopulmonary dysphasia (Kaarteenaho-Wiik et al. 1996 . Furthermore, ten-C is one isoform of the tenascins that has been shown to contribute to the development of pulmonary fibrosis (Kaminski et al. 2002) . Our finding of which FN and ten-C expression are increased in nearly all the O 2 -challenged strains further supports a role for these genes in the repair process following oxidant injury. Antioxidant enzymes, including SODs, participate in protecting the lung against pulmonary O 2 toxicity (Comhair and Erzurum 2002) . However, studies with transgenic and gene knockout mice show that neither SOD1 nor glutathione peroxidase I can prevent lung injury from oxygen exposure. Thus, other cellular antioxidant enzymes are likely more important in defense against hyperoxia, supported especially by studies involving SOD2 and SOD3 (Tsan 2001) . Normally, SOD2 accounts for about 20% of the pulmonary SOD activity, but here, we found that about half of the total SOD activity in mouse lung partitioned into the mitochondrial pellet, which raises an important question about the differential value of the simple assay method. Nevertheless, the total and SOD2 assay of the lungs of O 2 -exposed mice revealed that both SOD activities were highest in the strains that were the most sensitive (Fig. 9) . Many of the pulmonary SOD changes, including increases in SOD2 activity, did not reach statistical significance, but the total SOD activity did increase significantly in one of the most susceptible strains, BALB/cJ. Although lung SOD activity appears to increase in relation to the extent of lung injury, the data do not allow us to draw any conclusions about whether it protects or contributes differentially to the damage in the tested strains.
Taken together, our results demonstrate that genetically diverse strains of mice manifest responses to hyperoxia that are quantitatively different. The divergent strains can be further pursued at various times following exposure to high O 2 levels to identify the individual genes that are responsible for each of these distinct lung phenotypes.
